included. [7] [8] [9] [10] [11] Based on twin studies concordance rate for monozygotic twins is reported to be 25%-30% as compared to 3%-5% for dizygotic twins. 10 This is further supported by the fact that familial MS account for 12.5% of all MS cases. 12 The highest appearance of familial cases in a MS cohort is reported to be nearly 20%, but in these studies, familial are defined as first-to third-degree relatives with MS. 13, 14 The general population has an approximate risk of MS of 0.2%. First-degree relatives have an approximate risk on 3%-5%, and 15-25 times higher relative risk of MS compared to the background population. 15 Several genetic MS studies have been conducted, [16] [17] [18] among them genome-wide association studies (GWAS). 
| MATERIAL
This is a nationwide register study based on data from the Danish Multiple Sclerosis Registry, 21, 22 the Danish Civil Registration System, 23 and the Danish National Patient Registry.
24
The Danish Civil Registration System was established in 1968 (Greenland 1972) and is the basis for all individualized public registration in Denmark. 23 All Danish residents born after or alive April 1, 1968 , are assigned with a unique identification number.
23
This makes it possible to link individual information from differ- 22 It is updated regularly based on information from the neurologist, who reports to the registry in relation to consultation with the MS patients. The registry is found to be more than 90% complete. 21 We received data from the registry in 
| MS cohort
Inclusion criteria: a definite MS diagnosis and diagnosed between has not been included regularly in the MS registry until after 1994, we therefore have a restricted time period.
Exclusion criteria: possible adoptive relations and missing information on MS courses.
We excluded 4753 cases because they did not have a definite
MS diagnosis or were possible adoptive cases. Another 10 049 cases were excluded since they were not diagnosed from 1994 to 2014, and 3267 cases were excluded because they were lacking information on MS courses. After having excluded cases due to the criteria's 
| MS family cohort
Analyzing the distribution of MS courses and age at diagnosis within families, we selected a group of familial cases from the MS cohort study. We now only included familial MS cases, meaning that sporadic cases were excluded (6871 cases). We have further excluded familial cases, if just one case from a family is included in the MS cohort. At least two cases from each family are required to be able to analyze course distribution within families; 261 MS cases were excluded due to this criterion. We ended up with 133 MS families, 129 of them including two first-degree relatives and four families including three first-degree relatives ( Figure 1 ).
We define the proband as the first case in a family diagnosed with MS The numbering of family-members is based on time for diagnosis.
The Regional Committees in Health Research for Southern
Denmark (S-20150175) and the Danish Data Protection Agency (j.nr: 15/52395) have approved the study. This is in accordance with national rules and regulations on registry studies and does not require accept from the patients. 27 For the families with three first-degree relatives, we used kappa coefficient for courses and ICC with bootstrapped standard error for age at diagnosis.
| S TATI S TI C S
Concordance rate is calculated using the formula: number of first-degree relations with the same MS courses divided by the total number of first-degree relations.
| RE SULTS

| MS cohort study
In total, 7402 MS cases were included in the study. Demographic information is shown in Tables 1 and 2 . We found a significant difference in age at diagnosis, year of birth, and MS courses in the two groups, but no differences in the distribution of sex (Table 1) . We compared demographic data on included cases and cases excluded due to missing information on MS courses, and we did not find significant differences between the two groups (Table 2 ).
In the logistic regression analysis, we found a 1.64 odds ratio (OR) (95% CI: 1.20-2.24, P = 0.002) for having RRMS+SPMS in the familial group compared to the sporadic MS group (Table 3) . We included gender, age, and age at diagnosis, in the logistic regression 
| MS family study
The analysis is based on 133 MS families (first-degree relatives), in total 270 individuals. One hundred twenty-nine families consist of two first-degree relatives, and four families include three first-degree relatives. The familial relation is mother/child in 44 cases (including one family with three MS cases), father/child in 23 cases and siblings in 66 cases (including three families with three MS cases).
The group of siblings includes two twin pairs with unknown zygosity. The MS course distribution of the 1st and 2nd family-member, respectively, is listed in Table 4 . The numbers are based on the first two cases diagnosed in each family, excluding the third family-member. Since SPMS cases progress from RRMS, we have analyzed course distribution separately but also with RRMS+SPMS combined as a group. Combining SPMS+RRMS, we find that the 1st and the 2nd family-member have the same MS course in 118 (* in Table 4) out of the 133 families. Based on these numbers, we calculate the concordance rate and find it to be 0.89 (118/133 = 0.89). Meaning that in 89% of the families the 1st and 2nd family-member have the same course, the majority of these are RRMS+SPMS cases. We have further calculated the kappa coefficient and found a high level of agreement (88.7%), but a low kappa coefficient 0.059 (Table 5) . 
| D ISCUSS I ON
Overall, we have found that familial MS has a higher risk of having a relapsing course than progressive compared to sporadic cases.
Analyzing only the familial MS cases, we further found in 89% of the families the 1st and 2nd family-member have the same MS course.
| MS cohort study
We found a 1.64 time higher risk of having RRMS+SPMS in the familial MS group compared to the sporadic group. The results are slightly influenced when covariates are included in the analysis. Since age at diagnosis differs according to MS courses, PPMS cases being diagnosed at a later age than RRMS, we do expect to see a difference in age. Hence, interpretation of the results with adjustment for age at diagnosis should be taken with caution.
We have not found previous studies analyzing the exact same issues, but the literature includes a study looking into genetic differences between the different MS courses. Sorosina et al 28 calculated We find a high agreement, but a low Kappa coefficient, which is believed to be due to the lower number of, especially PPMS, cases. SE, Standard Error; RRMS, relapse-remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis; PPMS, primary progressive multiple sclerosis.
that a close genetic relation equals a higher relative risk of MS compared to more distant relatives.
The mentioned studies differ from our study in several aspects and since they are not raising the same questions, comparisons of results are not feasible.
The majority of studies within this area are analyzed based on a general MS population and not a distinct familial cohort. 30 If familial information is included, they often have different definitions of familial MS, low numbers of familial cases, different methodological approaches, and most lack information on courses. 
| MS family study
We analyzed 270 MS cases from 133 MS families and found a high concordance rate for MS courses within MS families. In the Kappa analysis, we found a high agreement, but a low kappa coefficient, which is expected due to the low number of PPMS cases. We overall found a high concordance rate but with low statistical agreement. Secondly, we found a weak correlation for age at diagnosis between the 1st and 2nd
MS family-members. Our findings are in line with some of the previous studies and adds information to the speculations on whether genetic etiology could differentiate depending on the MS course. 31 The study that is methodologically closest to ours is Heinsiek et al, 32 since they included first-degree relatives from 1083 MS families and report that clinical MS courses are similar between MS siblings.
Robertson et al, Chataway et al, and Oturai et al all support that conclusion, since they found significant concordance for MS courses in MS sibling-pairs. [33] [34] [35] Brassat et al also studied MS sibling-pairs, but found no correlation for MS courses between siblings with MS, 36 the study is of smaller scale and based on non-nationwide registry data.
Brassat et al 36 and Robertson et al 33 further examined whether there were concordance for age at diagnosis in MS relatives, which neither of them found. The same was analyzed by Oturai et al, 35 who found significant concordance of age of disease onset in coaffected sibling-pairs. Overall, the results on this subject are divergent, which could be due to methodological differences. The main differences are the definition of familial MS (first-degree relatives or sibling-pairs), the selection methods and the final number of cases.
Especially the numbers of familial PPMS cases tend to be low, influencing the strength of the studies. These differences could explain why the results differ and they also highlight why comparison and making final conclusions are difficult.
| S TRENG TH ' S AND LIMITATI ON S
We used nationwide registers to identify our study cohort and classified MS courses according to information from registries. We have a different approach compared to most former familial studies on MS since we focused on MS courses and familial cases. In general, these elements are adding strengths to our study, but there are also limitations. One being that information is missing on MS course for a proportion of cases. Comparison of demographic data on included and excluded cases shows no significant differences; excluded cases are randomly distributed between familial and sporadic MS cases.
Adoptive and biological relations cannot be differentiated based on Danish registry data. If we compare the total annual number of adoptions to the number of newborns, we find that potential adoptive cases will only represent a very limited number. 25 We have further tried to minimize the risk of including adoptive cases, since we excluded familial cases in which children/siblings were born outside Denmark. Finally, we have not included second-or third-degree relatives in the study. This means that families with distant relatives with MS are assigned to the sporadic group. This could explain why we find a lower percentage of familial cases compared to previous studies.
| CON CLUS ION
We found that familial MS cases (first-degree relatives) have a significantly higher risk of having RRMS compared to sporadic MS cases.
Secondly, we found a weak concordance for MS courses in MS relatives, but we did not find that age at diagnosis correlate between first-degree relatives with MS. Familial MS cases more frequently had RRMS+SPMS courses compared to sporadic MS cases. Further studies on differences between familial and sporadic MS cases are warranted before making final conclusions.
| FUTURE D IREC TI ON S
A limited number of studies have analyzed differences between familial and sporadic MS cases. We find that there are differences supporting that some of the answers to MS genetics are likely to be found among familial MS cases, thus further studies with this approach are warranted.
F I G U R E 2
The graph shows the intrafamilial relation between age at MS diagnosis in MS families. Families with concordant and disconcordant MS courses are shown
